Abstract We conducted a respondent driven sampling survey to estimate HIV prevalence and risk behavior among female sex workers (FSWs) in Nairobi, Kenya. Women aged 18 years and older who reported selling sex to a man at least once in the past 3 months were eligible to participate. Consenting FSWs completed a behavioral questionnaire and were tested for HIV and sexually transmitted infections (STIs). Adjusted population-based prevalence and 95 % confidence intervals (CI) were estimated using RDS analysis tool. Factors significantly associated with HIV infection were assessed using log-binomial regression analysis. A total of 596 eligible participants were included in the analysis. Overall HIV prevalence was 29.5 % (95 % CI 24.7-34.9). Median age was 30 years (IQR 25-38 years); median duration of sex work was 12 years (IQR 8-17 years). The most frequent clientseeking venues were bars (76.6 %) and roadsides (29.3 %).
Introduction
Female sex workers (FSWs) continue to bear a high burden of HIV infection in many countries and are an important target population for a public health response to HIV/AIDS [1] [2] [3] [4] [5] . However, because behaviors associated with FSWs are considered to be illegal and highly stigmatized in many countries, it is often difficult to conduct probability-based surveys designed to provide representative estimates of biologic and behavioral factors among FSWs [6] .
Despite these challenges, numerous studies among FSWs have been conducted in Kenya to estimate the level of HIV risk and to ascertain accurate levels of HIV infection, both prevalent and incident, among cohorts of FSWs [7] [8] [9] [10] . These studies which have primarily utilized targeted or selective recruitment methods have provided useful information over the years. To date, however, methods used in previous studies in Nairobi have not measured HIV and STI prevalence among a representative sample of FSW in Nairobi. Sex work is illegal in Kenya, and surveillance of HIV and STI's of FSW populations requires sampling methods suitable for recruiting hard-toreach populations. Globally, national HIV surveillance activities have adopted respondent driven sampling (RDS) methods to provide population-based estimates of HIV prevalence and associated risk behaviors for populations at highest risk for HIV infection, such as FSWs [11, 12] . RDS is a probability-based, chain-referral sampling method to reach hidden populations that takes into account the social network size and degree of similarity between participants and other members they recruit into the study that provides population estimates of HIV prevalence and risk behaviors. Despite widespread use of RDS globally, important limitations of the method exists, including high variance of estimates and inflated design effects, making it difficult to identify changes in behavior and disease prevalence in the surveyed populations over time [13] . In 2010, the Government of Kenya established a surveillance system to monitor biologic and behavioral trends among key population groups at highest risk for HIV infection using RDS. In this analysis we present estimates of baseline HIV, sexually transmitted infections (STIs), and behavioral risk among FSWs using data collected from an RDS survey conducted in Nairobi, the capital city of Kenya. This is the first RDS survey to approximate a population-based survey on HIV and STI among FSWs in Nairobi, Kenya.
Methods

Study Design and Eligibility
Between November through December 2010, an RDS survey was conducted among FSWs in Nairobi, Kenya. Details of RDS methodology are described elsewhere [14, 15] . A target sample size of 600 was calculated. This sample size took into consideration the expected RDSrelated design effect of 2.0 [16] , an estimated HIV prevalence of 33.5 %, and an expected precision of 6 %. Women, 18 years of age or older, who reported selling sex for money, drugs, or goods to a man at least once in the past 3 months, and who lived in Nairobi or adjacent urban areas were eligible for the survey. Women who were mentally impaired due to alcohol or drug use, previously participated in the survey or presented with an invalid study coupon were excluded from participation. Participants were assessed for eligibility and interviewed at a single, centrally located facility in Nairobi close to Kenyatta National Hospital which was easily accessible by public transportation.
Sampling Method
Six initial FSW participants, also known as ''seeds,'' were selected to initiate coupon-based recruitment. Seeds were selected purposively to represent the geographical, occupational (e.g., brothel vs. street based), social economic and educational diversity of the target populations. Seeds were identified through formative assessments (e.g., focus group discussions, key informant interviews and in-depth interviews) with key study stakeholders and representatives of different key population groups. Eligible FSWs who provided informed consent to participate were administered an interview and asked to provide blood, urine, vaginal, and anal specimens for HIV and STI testing. Participants were provided up to three coupons and instructed to recruit their FSW peers into the study, who in turn were provided up to three coupons to recruit their FSW peers into the study. FSWs were provided a primary incentive of 200 KSH (i.e., $2USD) to participate and a secondary incentive of 200 KSH (i.e., $2USD) for each eligible peer recruited and enrolled into the study. A coupon manager system was used during the study to track coupons and monitor recruitment. The number of coupons distributed to participants was reduced at times when the number of recruits visiting the study site was too large for study staff capacity. Coupon reduction was also employed in order to balance recruitment when the number of participants was skewed towards certain contingencies of Nairobi. Fingerprint recognition software was used to create a unique study identification number for each participant to assist in preventing the same participant from enrolling more than once. Following informed consent participants were interviewed by a nurse counselor with a structured questionnaire in a private room. The questionnaire included questions on participant socio-demographic characteristics, sex work habits, sexual behaviors, condom use with paying clients and nonpaying partners, history of STI symptoms, alcohol consumption, history of drug use, knowledge of HIV transmission risk, self-perceived risk for HIV infection, HIV testing history, and self-reported HIV status. Correct knowledge of HIV status was assessed by comparing the participant's self-reported HIV status with the survey HIV test result. Participants who were aware of their status were asked if they were currently taking antiretroviral therapy to treat their infection. Participants were requested to provide blood, vaginal, urine, and anal specimens for HIV and STI testing. Anal specimens were collected only for participants that reported anal sex or had anal symptoms.
Laboratory Methods
Rapid HIV testing was conducted on-site on blood samples using a parallel HIV testing algorithm. All specimens were screened with Determine (Inverness Medical, Massachusetts, USA) and Unigold (Biotech PLC, Ireland) rapid test kits. Specimens that were non-reactive by both rapid tests were classified as HIV-negative. Dually reactive specimens were classified as HIV-positive. All discordant specimens were resolved using Bioline rapid test kit (Standard Diagnostics, INC, South Korea). Specimens that were positive on Bioline were classified as HIV-positive. Specimens that were negative on Bioline were classified as HIV-negative. Participants with HIV-positive results were referred to government clinics for confirmatory testing and further HIV management.
STI testing was conducted at the University of Nairobi Institute of Tropical and Infectious Diseases Laboratory. Testing for syphilis was performed using rapid plasma reagent (RPR) assays (Roche Amplicor CT/NG test) and Treponema palladium hemagglutination assay (TPHA) for confirmatory testing. Detection of T. vaginalis was performed using the In Pouch TM system. Vaginal cultures were evaluated for Bacterial Vaginosis using Nugent's scoring criteria and for candidiasis the KOH test. Vaginal and rectal swab specimens and urine were tested for using the Polymerase chain reaction (PCR) (Roche Amplicor, Switzerland) assay for detection of C. trachomatis and N. gonorrhea antigens. Detection of the HSV-2 antibody was conducted using an enzyme-linked immunosorbent assay (Kalon Biological Ltd, United Kingdom). At the end of the visit, participants were provided an appointment card and asked to return to the study site after 2 weeks to receive their STI test results with post-test counseling and secondary incentives for those who recruited a FSW that was later enrolled in the study. Participants with positive STIs and/or STI symptoms were provided free treatment in accordance with the Kenya National STI Treatment Guidelines.
Data Management and Analysis
All interview data were entered into handheld Personal Digital Assistant (PDAs) using customized data entry applications with programmed data entry checks to ensure data quality. Data were analyzed using SAS 9.0 and RDS Analysis Tool (RDSAT) version 6.0.1, an analysis package designed to provide population estimates and their 95 % confidence intervals (CI) accounting for differences in participant recruitment patterns, network size, and homophily [15] . Estimates generated through RDSAT were weighted to compensate for bias due to personal network size or any differential sampling of participants. Personal network size was estimated by asking each participant the question: ''Approximately, how many other female sex workers do you know by name, who live in or around Nairobi, and you know how to contact them.'' The dualcomponent estimator within RDSAT was used to measure average network size [17] . Ninety-five percent CIs were determined by bootstrap methods using 15,000 re-samples. The RDS dataset was analyzed using the enhanced data smoothing option. To assess associations with the outcome of unrecognized HIV infection, multivariable analyses were conducted using the relative risk (RR) measure. HIVpositive women who were aware of their infection were excluded from the analysis because reported risk behaviors may have differed among participant's based on knowledge of HIV-infection. Unrecognized infection was defined as a participant who was HIV-positive based on test results from the study but was unaware of her infection (i.e., either reported her status as HIV-negative or never had been tested before). Relative risk and its corresponding 95 % CIs was estimated using log-binomial regression using the GENMOD procedure in SAS. The REPEATED option was used to calculate robust standard errors for parameter estimates. All analyses were weighted using individual HIV weights exported from RDSAT. Variables (or individual categories within variables) that were found to be significant at p = .20 or lower were included in the multivariable analysis. Prevalence and corresponding 95 % CIs of specific STIs and STI symptoms were also generated by RDSAT. Comparison of STI prevalence and STI symptoms by HIV status was assessed using a z-test.
Ethical Considerations
This study protocol was submitted for review and approved by the Kenyatta National Hospital Ethics and Research Committee (KNH-ERC), the Population Council Institutional Review Board (IRB), and to the Associate Director for Science, Division of Global HIV/AIDS of the US Centers for Disease Control and Prevention.
Results
During the 10 waves of recruitment, a total of 1,219 coupons were issued to peers with 632 returned resulting in a coupon return rate of 52 %. Of the six initial seeds, only one did not recruit additional participants. This seed was HIV-negative, aged 25-29 years, married, reported to be at ''great risk'' for HIV infection, and was recruited from Makadara constituency-a neighborhood that recruited only 3.4 % of the sample (Fig. 1 ). Of these 632 women who arrived at the facility with coupons, 596 (94 %) FSWs (non-seeds) were eligible for the survey and consented to participate. Of the 36 women excluded, the reasons for exclusion included eligible but did not provide consent (n = 9), not from the study coverage area (n = 7), under 18 years of age (n = 5), under the influence of substances (n = 4), determined to be disruptive during the screening process (n = 3), did not have a coupon (n = 3), previous participation (n = 2), not a sex worker within the study criteria (n = 2), and mentally impaired (n = 1). The median personal network size of participants was 8 (IQR [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Equilibrium was reached on age-group, marital status, education-level, and duration of sex work before the 10 recruitment waves attained in the sample. Although FSW were recruited from all the eight constituencies of Nairobi (i.e., sub-counties of Nairobi which serve as administrative units for local governance: Makadara, Kamukunji, Starehe, Lang'ata, Dagoretti, Westlands, Kasarani, and Embakasi), recruitment was concentrated in the Kamkunji and Kasarani constituencies of Nairobi. Figure 1 illustrates the recruitment pattern of participants by constituency.
RDS adjusted population estimates of socio-demographic, behavioral characteristics, and HIV prevalence are shown in Table 1 . Ages ranged from 18 to 62 years with the median age of 30 years (unweighted IQR 25-38 years). Almost all women were currently unmarried, and 44.3 % had no formal education or attained only an incomplete primary education. Duration of sex work ranged from 4 to 45 years with a median duration of 12 years (IQR 8-17 years). The majority of women (82.2 %) stated that sex work was their main source of income. The most frequent client-seeking venues were bars (76.6 %) and roadsides (29.3 %), and situations where clients called them (20.1 %). The median number of paying clients in the last 7 days was seven (IQR 4-18 clients). Almost two-thirds (62.6 %) used a condom consistently (''always used'') with their paying clients in the past 30 days, and 86.9 % reported using a condom with their last paying client. Most women (59.8 %) did not have a non-paying partner in the past 30 days. Among those who did, 38.6 % consistently used a condom (always used) within the last 30 days with their non-paying partner(s), and 47.5 % reported using a condom at last sex with their non-paying partner. Less than 20 % reported never consuming alcohol; however, 33.4 % reported consuming alcohol 4 or more times per week. Bhang (marijuana) (36.0 %) and Khat/miraa (40.1 %) were the most frequently used drugs in the past. Very few women (*1 %) ever used heroin or injected drugs. Almost three-quarters (73.9 %) of women used at least one contraception method within the past 30 days, with the most common method being injectable contraception (e.g., depot medroxyprogesterone acetate or DMPA) (27.1 %) followed by male condoms (26.6 %), implants (e.g., Norplant) (12.2 %), oral contraception (the pill) (8.2 %), and female condoms (6.7 %). Just over half (51.6 %) of women stated that they practiced vaginal douching. HIV testing was high with 86.6 % of women who had been tested in the past; 63.1 % of these had been tested within the past 12 months. Of participants who tested HIV-positive during the survey, 51.0 % were aware of their infection before the survey, 25.4 % incorrectly reported they were HIV-negative, and 23.0 % were unaware because they had never tested for HIV. The majority of women (59.7 %) had high self-perceived risk for HIV while 14.9% already knew they were infected. Table 1 also shows HIV prevalence by selected demographic and behavioral characteristics. Overall, the HIV prevalence among FSWs in this study was 29.5 % (95 % CI 24.7, 34.9). HIV prevalence increased with age and duration of time as a sex worker and was highest among women with no or incomplete primary education. Prevalence also varied by client-seeking locations. Table 2 shows prevalence of possible STI symptoms and STI biomarkers, and a comparison of STI biomarkers by HIV test results. The most frequent symptom was abnormal vaginal discharge (23.9 %), followed by burning pain during urination (22.7 %), vaginal ulcer or sore (7.8 %), and anal ulcer or sore (1.0 %). Significantly higher prevalence of abnormal vaginal discharge and vaginal ulcer or sore was observed among HIV-infected women (abnormal vaginal discharge: z-score = 3.02, p = .0025; vaginal ulcer or sore: z-score = 2.39, p = .0167). The prevalence of biomarkers for syphilis, gonorrhea, and chlamydia infection was low (\5 %) among the population as a whole, as well as HIV-infected women. Prevalence of trichomaniasis, bacterial vaginosis, and candidiasis ranged from 10 to 28 % with slightly higher STI rates for HIVinfected women than HIV-uninfected women. Only trichomaniasis was significantly higher among HIV-infected women compared with HIV-uninfected women (z-score: 2.18, p = .0293). Table 3 shows results of bivariate and multivariable analysis identifying candidate variables and significant predictors of unrecognized HIV infection. In bivariate analysis, increasing age, receiving clients at home, inconsistent condom use with paying clients, and use of a male condom as a method of contraception were positively associated with unrecognized HIV infection. Conversely, completing primary education, inconsistent condom use with nonpaying clients and use of the 'implant' as a method of contraception were negatively associated with unrecognized infection. Multivariable analysis revealed that increasing age, inconsistent condom use with a paying client [adjusted RR = 2.1 (95 % CI 1.4, 3.0), p = .0001], and male condom use as a method of contraception [adjusted RR = 2.5 (95 % CI 1.7, 3.5), p \ .0001] were associated with unrecognized HIV infection.
Discussion
We confirm high HIV prevalence among FSWs in Nairobi where approximately one-third are infected with HIV. This level of HIV infection is nearly three times that of Nairobi women aged 15-49 years from two national populationbased HIV serologic surveys conducted in Kenya in 2007 and 2008/09 [18, 19] . HIV prevalence among FSWs aged 18-24 years was also high at 14 %, highlighting the vulnerability of acquisition and transmission of HIV infection even among young FSWs. The high prevalence among young FSWs requires immediate interventions to encourage young girls and women to adopt early risk reduction strategies to prevent HIV infection and remain uninfected. We found that increasing age was associated with HIV infection, confirming that age increases the cumulative risk for HIV infection in this population. Moreover, inconsistent condom use with paying partners and reported use of male condoms as a contraceptive in the past 30 days were associated with HIV infection. Though condom use is a practical approach for minimizing transmission and acquisition of HIV infection among FSWs, prevention messages around correct and consistent use of condoms during sexual intercourse are critical for ensuring effectiveness of this tool for HIV prevention.
A second finding from this study is that HIV testing among FSWs is high, with testing rates more than two times that of persons in the general population [18] . After excluding women with known HIV-positive status, 84 % had a previous HIV test, and more than 50 % of those tested had been tested in the past 12 months. The high level of self-perceived risk among FSWs, together with the expansion of targeted HIV testing services for FSWs in Nairobi, may account for high testing rates in this population. As a direct benefit of HIV testing, over half of HIVpositive FSW were aware of their HIV infection compared with 18 % of HIV-infected women in the general population [19] . Still, despite high awareness of HIV status, a large percentage of HIV-infected FSW remained unaware of their HIV infection, and almost half incorrectly believed they were HIV-negative based on their last HIV test. As a result, FSWs continue to pose high risk of transmission to both their paying and non-paying partners and experience delays in accessing important treatment and care interventions. Some FSWs may have known their HIV-positive status at the time of the survey, but did not feel comfortable in reporting this during the interview. In Kenya, there is an extensive network of service delivery points that target FSWs which provide HIV testing and counseling services [20] . These services include innovative HIV testing and counseling strategies such as mobile testing, door-to-door testing, moonlight testing (i.e., where services are provided Table 2 Prevalence of STI symptoms and diagnoses among female sex workers, Nairobi, Kenya 14.1 (7.4, 20.9) .0167
Anal ulcer or sore during times and in locations convenient to key populations), and provider-initiated testing and counseling services. These programs, while beneficial, should also undergo routine evaluation to assess reach and impact. A third finding observed in this study is differential condom use patterns among participants. Measures of consistent condom use (''always used'') and condom use at last sex were higher with paying partners (62.3 and 86.8 %, respectively) than with non-paying partners (37.4 and 46.4 %, respectively). Differences in condom use by partner type have been noted in other studies of FSWs and other female populations [8, 10, [21] [22] [23] . Of concern is that unprotected sex is likely to occur with non-paying partners, increasing the risk of secondary infection (and other STIs) to themselves if uninfected, or to their sexual partners if infected. More information is needed to determine factors associated with condom use that may explain differences in condom utilization by partner type. It has been noted that behavioral changes that include increased condom use with partners, can be successful among FSWs in Kenya [22, 23] , and in general, other low-and middle income countries [24, 25] . Besides increased condom use by partners, other approaches that place more emphasis on female-controlled prevention strategies, such as the use of female condoms, intravaginal products such as microbicides, or oral preexposure prophylaxis should be explored [10] .
Finally, this study found low prevalence of syphilis (0.9 %), gonorrhea (1.1 %), and chlamydia (3.1 %) infections, but higher levels of trichomaniasis (10.3 %), bacterial vaginosis (15.1 %), and candidiasis (28.4 %). Our population-based estimate of syphilis prevalence is similar to findings from another study of Nairobi FSWs which found that FSWs had higher syphilis prevalence than the general female population in Kenya (2.5 vs. 1.7 %, respectively) [10, 18] . However, our study found lower prevalence of other STIs than other studies conducted in Kenya and elsewhere [8] [9] [10] [25] [26] [27] [28] . Low rates of STI among FSWs in Nairobi may highlight the availability and successful access of services through targeted programs for FSWs in the city, including drop-in centers, outreach services, and peed education programs. Programs that target FSWs should continue to be supported and provide a package of prevention interventions, including HIV testing, condom promotion, syndromic management of STIs and education on how to prevent HIV transmission and acquisition. There were several limitations of this study. Selfreported behaviors may have been mis-reported because of recall or social desirability bias. Although FSWs from all constituencies were eligible to participate, over 50 % of the sample came from only two constituencies: Kamkunji and Kasarani. In addition, we observed high degree of homophily for constituency (i.e. high preference for recruiting in one's own constituency), suggesting that the sample may not have formed an unbiased social network. Therefore, the sample drawn for this survey may not be generalizable to the broader population of FSWs in Nairobi. In addition, RDS is not a simple random sample, but subject to assumptions, such as quantifying the size of participant networks, which may be difficult to verify. As such, there may be limitations of the RDS method to approximate representative samples of hidden populations.
In spite of these limitations, this study demonstrated that surveillance for FSWs using RDS methodology is feasible in Nairobi, Kenya. Given the high prevalence of HIV infection in this population and the public health concern of potential for HIV transmission among FSWs and their partners, we recommend continued periodic surveillance among FSW in Nairobi, and expansion to other areas in Kenya, to monitor trends of HIV and behavioral risk factors for HIV to appropriately respond to the HIV epidemic in this vulnerable group.
